In the literature, various surgical techniques and approaches have been developed previously, and morphometric studies have been conducted using either imaging methods or cadavers (1, 2, 4, 5, 6, 9, 10, 15) . However, most of the cadaveric studies were conducted using formalin and alcohol-fixed cadavers, and they were comprised of small sample sizes (1,2,15). Unfortunately, formaldehyde can cause structural changes in the brainstem, which can affect the morphometric values.
We believed that a determination of the external anatomy of the dorsal brainstem and fourth ventricle using fresh cadavers could provide valuable morphometric data that was similar to the anatomy that neurosurgeons would observe while conducting surgery. █ In this study, we performed our measurements by excluding any diseases that may have altered the size of the brain tissue (trauma-related parenchymal injuries, non-traumatic intracranial hemorrhages, ischemic systemic diseases, and intracranial tumors). Additionally, in order to avoid individual confounding the variables, these measurements were performed by two independent investigators, and then they were evaluated by a third independent investigator. The fourth ventricle measurements were assessed by obtaining the mean of the readings of the two investigators ( Figure 1 ).
MATERIALS and METHODS

Forty
The measurements were made of the cadaver brainstems, and they were recorded by photography (Figure 2-4) . Two calvarias were opened in those cases without histopathological evaluation sampling, and they were cut using tentorium scissors. The brainstem was removed from the foramen magnum, and then the whole brain was removed. The brainstem was separated and the measurements were made. After a short flushing process, the brainstem was set after the separation and predetermined distances were measured using millimeter rulers. The heights and weights of the cadavers were measured, and the body mass indexes were calculated.
Statistical Analysis
The Number Cruncher Statistical System 2007 (NCSS, LLC., Kaysville, UT, USA) was used for the statistical analysis. The Student's t-test was used for the comparison of the descriptive statistical methods (mean, standard deviation, median, frequency, and ratio) as well as the normal distribution of the comparisons of the quantitative data between the groups. The Pearson's correlation analysis was used to evaluate the intervariable correlations. The results were evaluated at a confidence interval of 95% and a significance level of p <0.05.
█ RESULTS
A total of 42 fresh cadavers (26 males and 16 females) with a mean age of 45.38 ± 16.41 years old (min-max:16-76 years) were included in this research. The demographic features of the cadavers are shown in Table I . The brainstem measurements are shown in Table II .
The correlations between the ages, body mass indexes (BMIs), and brain structures are shown in Table III . We found no statistically significant difference between measurements and BMIs. There were no correlations between the brain structure features and the ages (p>0.05); however, there were negative and weak correlations between the ages and the aqueduct obex, facial colliculus, and measurement from aqueduct to facial colliculus. In addition, there were positive and weak correlations between the brainstem lengths, aqueduct obex, pons, and measurement from median to sulcus limitans.
The correlation analyses between the gender and brain structure features are shown in Table IV . However, no significant differences were observed between the gender and the brain structures (p>0.05).
When determining whether or not the facial colliculus was visualized, it could be visualized in 92.9% (n=39) of the subjects, but it could not be visualized in 7.1% (n=3) of the subjects. When the right side of the stria medullaris was examined, one bundle was seen in 59.5% (n=25) of the subjects, two bundles were seen in 31% (n=13) of the subjects, and 3 bundles were seen in 9.5% (n=4) of the subjects. When the left side of the stria medullaris was examined, one bundle was seen in 57.1% (n=24) of the subjects, two bundles were seen in 33.3% (n=14) of the subjects, and three bundles were seen in 9.5% (n=4) of the subjects.
█ DISCUSSION
The knowledge of the external anatomy of the brainstem plays an important role in surgical planning, because of the correspondence between the external-internal structures and the anatomical landmarks on the brainstem. The morphology of the dorsal brainstem is also important in surgical approaches for the fourth ventricle tumors. The dorsal surface of the brainstem has an intraventricular portion, the rhomboid fossa, which is the floor of the fourth ventricle, and an extraventricular portion represented by the tectal plate and the cerebellar peduncles (14) . The rhomboid fossa has the shape of a diamond and is delineated by the internal margins of the superior and inferior cerebellar peduncles. The lateral angles of the rhombus are closed by the middle cerebellar peduncles, the inferior angleis the obex, and the superior corner is marked by the frenulum of the superior medullary velum of the fourth ventricle (14) .
With the recent advances in imaging technology, particularly in magnetic resonance imaging (MRI), it has become possible to achieve reliable and accurate neuroanatomical views (10) . In parallel with recent developments, the number of neuroanatomical studies using MRI has also increased. Several studies have focused on the morphometric measurements in live persons or in postmortem research; however, they yielded conflicting results with regard to the effects of age or gender on the brain structures (6,7,9,10,11,13).
Shah et al. assessed the posterior fossa structures using midsagittal MRI in which they highlighted the age-related decline in the cross-sectional area of the midbrain and the striking intercorrelations between the pons, medulla oblongata, and cerebellar vermis dimensions (13) . In a morphometric measurements. Therefore, in our study, we used fresh cadavers so that the brainstem structures were as similar to those of live persons as possible. Another important issue to be highlighted was the fact that this was the first study considering the morphometric measurements of the brainstem in a Turkish population. The mean lengths of the brainstem, medulla oblongata, pons, and cerebellum were 54.37 mm, 16.43 mm, 29.6 mm, and 14.8 mm, respectively. Negative and weak correlations were found between the ages and the aqueduct obex, facial colliculus, and aqueduct facial colliculus. In addition, there were positive and weak correlations between the brainstem lengths, aqueduct obex, pons, and median sulcus limitans. No significant differences were observed between the genders and the brain structures (p>0.05).
Szabo et al. performed a research on 10 formalin fixed brainstem specimens, which were harvested with respect to the topographic anatomy and their macroscopic measurements were performed with a Vernier caliper (14) . They evaluated many anatomic structures but similarly to us they measured facial colliculi paramedially located at the base of the triangle prospective MRI study done by Raz et al., the age and sex differences in the cerebellum and the ventral pons were reported, and they concluded that the cerebellum and pons were larger in men. Luft et al. investigated the time course and regional differences in the age-related volume loss in the cerebellum and volume by using three-dimensional MRI in healthy volunteers (7, 11) . However, in contrast with the aforementioned studies, they did not find any effects of the age on the brainstem volume. These conflicting results could be attributed to the regional factors, genetics, or different demographical features of the study populations. It should also be kept in mind that the reliability and exactness of MRI-based volumetry may change depending on the slice thickness, size, and form of the subject (12) . The mean age of the study samples may also have affected the results of the studies. For example, volumetric differences may be seen in the later age periods of life (60s or 70s) due to atrophy of the cortex. Moreover, postmortem changes, such as atrophy, can be seen in the brains of cadavers, and it is not always possible to access certain parts of the brain in three-dimensional MRI of a living person. These challenges create drawbacks to the Rajaei et al. evaluated the dimensions of various parts of the pons, and they compared the data regarding the age and gender by using MRI (10) . In addition, Muthukumar et al. reported the relationship between the morphometric analysis of the foramen magnum region and the transcondylar approach in dry skulls (9) . Moreover, Yagmurlu et al. described the three-dimensional microsurgical anatomy and safe entry zones of the brainstem in 15 cadavers (15) . Two studies taking into account the anatomical aspects of the surgical approach through the floor of the fourth ventricle were reported by Bogucki et al. (1,2) .
In the macroscopic view of the base of the fourth ventricle, knowing the distance from the sulcus limitans, which separates the motor and sensorial nuclei, to the median sulcus can roughly provide the surgeon with information about the incision site. Therefore, this study aimed at helping to identify the safe entry zone sites in the surgical interventions of brain stems with disturbed anatomical structures due to tumors or associated conditions. Similarly, the measurements of safe zones with respect to landmarks may help surgeons to determine these regions during the perioperative period.
The facial colliculus is an important anatomical structure at the base of the fourth ventricle. The facial colliculus, formed by fibers from the motor nucleus of the facial nerve, is an elevated area located on the dorsal pons in the floor of the fourth ventricle. The facial colliculus is an important anatomical landmark because the nucleus of the sixth cranial nerve is located beneath it (12) . The identification of the facial colliculus for fourth ventricle surgery, especially for performing surgical incisions both above and below this structure (two safe entry zones: i.e., suprafascicular and infrafascicular), is very critical. Therefore, the distances from the facial colliculus to both the obex and the aqueduct were measured. We believe that in such conditions in which the facial colliculus or sulcus limitans cannot be visualized, or when it is covered by a tumor mass, these measurements will provide information during the perioperative period that will greatly help the surgeon to perform the incision accordingly. In our study, we also checked whether or not the facial colliculus was visible in the fresh cadavers. According to our results, 92% of the facial colliculi were visible.
█ CONCLUSION
In light of our first and preliminary results, the brainstem morphometric measurements did not change according to the age, gender, and BMI in Turkish population. Knowledge of the normal morphometry of the dorsal brainstem as it has been reported in this study will help one to assess distortions in any preoperative imaging studies and surgical planning.
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